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In recent years much progress has been made in elucidating the structure of the smectic F (F) phase. In particular, X-ray studies [1] [2] [3] [4] indicate that, like the smectic C (C) phase, the molecular director in the F phase is tilted with respect to the layer normal. Moreover, the three-dimensional F phase exhibits long range in-plane bond orientational order, similar to the three-dimensional analog of the two-dimensional hexatic phase [5] . Thus, the F phase is necessarily characterized by two order parameters : a tilt parameter 0 = Po e'o and a six-fold bond orientational parameter T = Yo e6i"'. Solving a particular model of the coupled tilt and bond orientations in the meanfield approximation, Bruinsma and Nelson [6] have shown that the smectic C phase must also exhibit a degree of in-plane bond orientational order. On the other hand, they showed that a non-zero value of tp &#x3E; cannot induce a finite tilt.
Motivated by the foregoing experimental and theoretical work, we have undertaken an optical study of the material 90.4, which is thought to exhibit a smectic A (A) to F phase transition. Unlike the A-C transition which has been experimentally characterized by only a tilt order parameter, and the A-hexatic transition which is characterized by a bond order parameter [7] , the A-F transition should strongly exhibit the simultaneous onset of both types of order.
The purpose of this work, then, was to study the effects, if any, of the coupling between bond and tilt order on their respective pretransitional behaviours.
(We know of no material which undergoes a transition from hexatic to F upon cooling, although crystalline smectic B-F transitions are known to occur [8] [9] [10] [11] , although these identifications were made before the smectic I phase was discovered. There is some suggestion in the X-ray intensity profile that the phase in question may be smectic I [2] . The latter phase differs from the F phase primarily in the direction of tilt of the quasi-hexagonal molecular packing. In addition, some form of smectic I phase is thought to exhibit algebraic decay of positional correlations, as opposed to exponential decay characteristic of an F phase [2, 4] . [ 12] .
One thermistor was used for feedback to the controller circuit and one for temperature measurement. Long term stability was about 5 mK in a constant field.
The birefringence apparatus, which is based upon a compensation scheme utilizing a modulated Pockels cell, is described in detail elsewhere [13] . In this experiment the modulation frequency was 20 kHz and phase sensitivity between the extraordinary and ordinary polarization components was better than 10 -3 rad.
The sample was first heated into the isotropic phase; it was then slowly cooled across the isotropicsmectic A phase transition temperature in the presence of a magnetic field H = 50 kOe applied perpendicular to the glass, inducing a uniform homeotropic alignment. Confirmation of the alignment was made visually. The sample was then rotated by 45° about an axis perpendicular to the field, resulting in the experimental geometry shown in figure 1. The incident laser polarization was given by (y + z)/J2 and the director orientation in zero field by (x + z)/J2, i.e., 45° with respect to the incoming beam. In this configuration a magnetic field H applied along z exerts a torque on the molecular director, inducing a small tilt 00 of the director (Fig. I b) . For has been found to be second order. The quantity Tc -T*, where T* is the temperature toward which the susceptibility appears to diverge before being cut off at Tc, is of the order of 400-600 mK. The first order nature of the transition has also been confirmed calorimetrically [14] . In light of this discontinuous transition, we must to some extent question the relevance of the Bruinsma-Nelson model [6] In figure 3 we show the phase difference 6 (to within an additive constant) vs. temperature in zero field for the geometry shown in figure 1 . The phase difference is a qualitative measure of the temperature dependence of the nematic order parameter S. Such a measurement above the A-F transition is interesting because it has been observed that tilt fluctuations above the A-C transition suppress S [16] , while short-range hexatic order fluctuations above the A-Hexatic transition in the material 650BC sharply enhance S [17] In summary, we have performed a birefringence measurement of the magnetically induced molecular tilt to study the susceptibility above a smectic Asmectic F transition. The tilt susceptibility x exhibits a mean-field-like divergence similar to that observed above an A-C phase transition [15] , although the divergence is cut off by a first order transition at T,, -T* + 0.5 K. We conclude that the bond-tilt coupling at most only rescales the magnitude of X and does not affect the exponent y in the temperature regime studied. On the other hand, no pretransitional behaviour in the zero field birefringence due to either tilt or bond order fluctuations has been observed.
